ABSTRACT
Introduction

45
In real-world situations, the target of a reaching movement must often be selected 46 from distractors. Furthermore, reaching movements are seldom executed in isolation; 47 Off-line data analysis was conducted on both eye and hand movements. An 159 algorithm using velocity criteria detected the beginning and end of saccades, and the 160 algorithm's identification of saccades was inspected to verify its accuracy. Small 161 corrective saccades (less than 3º) in the same direction of the previous saccade were 162 excluded for the purposes of the analysis. Saccades which ended within 5° of a stimulus 163 (either target or distractor) were classified as being directed to that stimulus. Saccadic 164 target acquisition time was defined as the interval between target onset and fixation of the 165 target. 166 In the analysis of reaching movements, movement onset was measured as the time 167 at which the hand was lifted from its initial position in the center of the touchscreen, and 168 reach initial latency was defined as the interval between the onsets of the target and the 169 movement. Reach endpoint was measured at the first location contacted on the 170 touchscreen after movement onset. A trial was classified as a target selection error when 171 the reach endpoint was more than 5º away from the target. Reach target acquisition time 172 was defined as the interval between target onset and hand contact of the touchscreen 173 within 5° of the target. 174 When reaching trajectories were tracked, movement velocity was calculated from 175 the 3D position traces after filtering with a low-pass filter (cutoff frequency of 25 Hz). 176 The beginning and end of reaching movements were detected using a velocity criterion 177 (8-10 cm /sec). The algorithm's identification of movements was inspected to verify its 178 accuracy. 179 The curvature of movement trajectories was quantified by calculating the 
Results
191
Overall, both monkeys performed the task well. and P =.12 for Monkey J). In the following sections, we will confine our analyses to 198 correct reaching trials unless explicitly indicated otherwise.
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Saccade endpoints in the reach target selection task 201 In the vast majority of correct trials, monkeys fixated the target location even 202 though they had never been trained to do so. In roughly half of correct reach trials (54% 203 in Monkey H and 40% in Monkey J), a single saccade was made from fixation to within 5° of the target location. In more than 90% of correct reach trials, the target was foveated 205 within two saccades, and it was virtually always foveated within three saccades. Fig. 2A 
206
shows the cumulative probability of target foveation as the number of saccades increases, 207 which was greater than would be predicted by chance. Across all correct reach trials, 208 Monkey H executed an average of 1.6 (± 0.009) saccades, and Monkey J executed 1.9 (± 209 0.014) saccades per trial. Once monkeys made a saccade to the target, fixation was 
Ipsilateral distractor bias for saccades in correct reach trials
215
Saccades which were not directed to the target typically landed near a distractor. 216 Overall, saccades that landed more than 5° away from either the target or a distractor 217 occurred in only 2% of trials for Monkey H and 1% of trials for Monkey J. Such trials 218 were discarded, due to their scarcity, and for the remaining trials, the intended goal of 219 each saccade was taken to be the nearest stimulus (target or distractor) within a 5° radius. 
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We also found that both monkeys tended to make fewer initial error saccades to 245 the opposite distractor furthest from the target (180° direction) than to the distractor 246 adjacent to the target in the contralateral hemifield (-90° direction), as confirmed with 247 binomial tests (P < .0001 for both monkeys). This is consistent with previous studies (right) (P < .002 for all target locations in both monkeys). 273 Thus, when an incorrect reach is made to a distractor, there is a clear bias toward 274 selecting the ipsilateral distractor. As we showed earlier, when a correct reach to the 275 target is accompanied by more than one saccade, the initial saccade is biased toward the 276 ipsilateral distractor (Fig. 3) . Thus, comparing across these two different situations, we 277 find similar target selection biases for both reaching and saccades. This common bias 278 suggests that the two effectors share common target selection mechanisms. saccade trials, an initial saccade to a distractor is followed by a second saccade to the 303 target. Note that in all of these trials, reach target selection was correct. As might be 304 expected, it takes significantly longer for the eyes to foveate the target in 2-saccade trials 305 than in in 1-saccade trials (P < .0001 for both monkeys). Reaching latencies were also 306 significantly longer in 2-saccade than 1-saccade trials (P < .002 for both monkeys). 307 However, the increase in reach latency was much smaller than the increase in saccade However, in the current dataset, we did not record reach trajectories. Therefore, 386 we collected an additional dataset, under identical stimulus conditions, which included 387 recordings of reach movement trajectories (see Materials and Methods), a few weeks 388 after the first dataset was collected. In this second dataset, we again found that in 2-389 saccade trials, the initial saccade was more frequently directed to the ipsilateral distractor 390 than to any other distractor (Chi-square tests: Ps < .0001, for both monkeys). Since these 391 "ipsi 2-saccade" trials formed the majority of our 2-saccade trials, we focused on them 392 for our subsequent analyses. executed earlier than the reach, whereas Fig. 8D shows trials when the final target-420 directed saccade was executed later than the reach. 421 We found that when the saccade was initiated before the reach (Fig. 8C) in radial direction occurring later in the movements (Fig. 8D) . 427 To summarize and quantify these results, we calculated the radial direction 150 428 ms after reach movement initiation in both monkeys in ipsi 2-saccade trials (Jax and the onset of the target-directed saccade and the reach. Fig. 9 shows that when the target- 448 We found that target selection for saccades and reaches in this task was tightly 449 coupled. Although eye movements were unconstrained and the animal's reward was not 450 contingent on eye-movement behavior, the final saccade in each trial was virtually always directed to the goal of the reaching movement. Even in error trials, the saccade 452 and reach were directed to the same stimulus. 453 Saccades and reaches also showed similar target selection biases. In some correct 454 reach trials, an initial saccade was made to a distractor, followed by a second saccade and 455 reach to the target. In these trials, the first saccade was directed more often to the 456 distractor located in the same hemifield as the target than to any of the other distractors, 457 indicating an ipsilateral bias in target selection for saccades. When we examined trials in 458 which a reach was made to a distractor, we found that most of the reaching errors were 459 also directed to the ipsilateral distractor. 
Coupling of target selection for saccades and reaches
Temporal relationship between saccades and reaches
470
We examined the temporal relationship between saccades and reaches by 471 comparing the timing of these actions in 1-saccade trials, in which a single saccade to the 
